Balanophora japonica MAKINO is a parasitic plant growing on the roots of Symplocos plants (Symplocaceae), and is distributed in the southern part of Japan and China. Its underground parts become adhesive when exposed to the air and have been used as birdlime. The whole plant is medicinally used as an antipyretic, an antidote and a hemostatic agent in China. Previous chemical studies revealed the presence of triterpenes, phenylpropanoids, lignans, methyl gallate, and palmatic acid; 1) however, the occurrence of significant amounts of polyphenolic compounds was suggested by TLC analysis on our preliminary experiment. In a subsequent study in large scale, we have isolated thirty-four acyl glucoses having caffeoyl, coumaroyl, galloyl, and hexahydroxydiphenoyl (HHDP) groups. This paper describes the isolation and structures of these compounds.
(S)-HHDP-b-D-glucopyranose (34) 12) by direct comparison with authentic samples or comparison of spectral data with those in literature.
Compounds 1-9 were acyl glucoses with hydroxycinnamoyl group(s), and 4-9 have not been reported so far in literature (Table 1) showed a split Cotton effect arising from two caffeoyl groups (negative Cotton at 370 nm and a positive one at 353 nm), confirming that the absolute configuration of the glucose core was D form. 13) The 1 H-NMR spectrum of 6 was related to the spectra of 1 and 4, and indicated the presence of an (E)-p-coumaroyl and a caffeoyl group at the glucose C-1 and C-2 positions [d 5.82 (H-1), 5.09 (H-2)]. The location of each acyl group on glucose core was determined by heteronuclear multiple bond coherence (HMBC) showing a long-range H-C correlation of anomeric proton and glucose H-2 with carboxyl carbons of p-coumaroyl (d 167.2) and caffeoyl (d 168.3) groups, respectively. Assignment of the carboxyl carbons was easily established by the correlation with respective p-hydroxybenzene and catechol ring protons through olefinic carbons. Related 1,6-diacyl glucoses having caffeoyl and coumaroyl groups had been isolated from a Prunus sp. 14) Compound 7 was characterized as 1,2,6-tricaffeoyl glucose by the FAB-MS [m/z: 665 (MϪNa) Ϫ ] and the 1 H-NMR spectrum, which showed three sets of signals arising from caffeoyl groups and glucose H-1, H-2 and H 2 -6 signals in the lower fields [d 5.84 (H-1), 5.11 (H-2), 4.56, 4.38 (H-6)].
The 1 H-and 13 C-NMR spectra of 8 resembled those of 2, however, the presence of an additional hexose moiety was indicated by the appearance of twelve aliphatic carbon signals in the 13 C-NMR spectrum and the [MϩNa] ϩ peak at m/z: 527 in the FAB-MS. The large down field shift of one of the hexoses, C-6 (d 69.1), indicated glycosidation at this position, and chemical shift comparison of the sugar carbon signals with those described in literature 15) revealed that the sugar part was b-gentiobiose ] and the 13 C-NMR spectrum, which indicated the presence of a caffeoyl and two hexose moieties. The chemical shifts of one of the hexoses were analogous to those of b-glucose of 2; however, the signals of the other sugar moiety were similar to those of the terminal b-glucosyl moiety of 8. The location of this glycosidic glucose moiety was determined to be phenolic oxygen at C-3 of the caffeoyl group by a differential nuclear Overhauser effect (NOE) experiment, which showed NOE between the anomeric proton and H-2 of the caffeoyl group. Thus, the structure of 9 was concluded to be 1
Compounds 10-18 were acyl glucoses having caffeoyl and galloyl groups, in which seven (12) (13) (14) (15) (16) (17) (18) were new compounds. Assignments of the sugar proton signals of these compounds were achieved by 1 H-1 H correlation spectroscopy (COSY) or a spin-decoupling technique, and the chemical shifts of the glucose ring protons revealed the positions of acylation in each molecule. In addition, the location of each acyl group was unambiguously established by selective hydrolysis of galloyl esters with tannase. Namely, on the enzymatic hydrolysis, 1-O-caffeoyl-b-D-glucopyranose (2) was obtained from 10-12, 16, and 17, 3-O-(E)-caffeoylglucopyranose (13a) from 13 and 15, 1,3-di-O-(E)-caffeoyl-b-Dglucopyranose (5) from 14, and 6-O-(E)-caffeoylglucopyranose (18a) 14) from 18. These results unequivocally confirmed the location of galloyl and caffeoyl groups in each molecule. Some related acyl glucoses with galloyl and phenylpropanoid esters were isolated from rhubarb; 16) however, cinnamoyl or coumaroyl groups were attached only to C-2 or C-6 positions and no caffeoyl esters were found in the acyl glucoses of rhubarb.
Compounds 19-27 were gallotannins and were characterized as di-, tri-and tetra-O-galloyl-b-D-glucoses, as shown in 888 Vol. 49, No. 7 17) this is the first report of hydrolysable tannins from Balanophoraceae (Santalales).
In addition to these known ellagitannins, four new (S)-HHDP glucoses with caffeoyl or coumaroyl groups, 28-31, were isolated. The 1 H-NMR spectrum of 28 was closely related to that of 1-O-galloyl-4,6-(S)-HHDP-b-D-glucopyranose (32). The only difference in the spectra was the appearance of a set of signals due to a caffeoyl group in the spectrum of 28 instead of the galloyl group of 32. The FAB-MS [m/z: 643 (MϪNa) Ϫ ] and the 13 C-NMR spectral comparison also indicated this compound to be a caffeoyl-HHDP-glucose. Furthermore, strong deshielding of one of the glucose H 2 -6 signals [d 5.23 (1H, dd, Jϭ6, 13 Hz) ] is peculiar to the (S)-HHDP group attached to the C-4 and C-6 positions. 18) This was confirmed by acid hydrolysis with 2.5% HCl yielding 4,6-(S)-HHDP-D-glucopyranose (28a) 19) and caffeic acid. Hz)], which were similar to those of 28, indicated that the HHDP group was attached to the C-4 and C-6 positions. 18) On the basis of these spectral analyses, 31 was characterized as 1,
Since only one caffeoyl ellagitannin (gemin F) had been determined as a minor constituent of Geum sp. before this work, 21) the caffeoyl ellagitannins 28-31 would be regarded as characteristic constituents of B. japonica. In addition, it was notable that compounds 28 and 30 were the major phenolic metabolites of the above ground part (isolation yield: 0.22 and 0.12%, respectively, from fresh aboveground part), and these were not isolated from underground part. On the other hand, a simple caffeoylglucose, 2, was abundantly isolated from the underground part (0.71%). In this work, only three compounds, 1, 2, and 14, were isolated as common acyl glucoses in the under-and aboveground parts (Table 1) . Further study on other minor phenolic metabolites of this plant is now in progress.
Experimental
Optical rotations were measured with a JASCO DIP-370 digital polarimeter.
1 H-and 13 C-NMR spectra were recorded in CD 3 OD with Varian Unity plus 500 and Varian Gemini 300 spectrometers operating at 500 and 300 MHz for 1 H, and 125 and 100 MHz for Extraction and Isolation. a) From the Underground Part The underground part (1.01 kg) of fresh B. japonica collected in Nagasaki prefecture was cut into small pieces and extracted with MeOH at room temperature. After filtration, the filtrate was concentrated, and the residue (131 g) was separated into four fractions by silica gel column chromatography first with CHCl 3 -MeOH (97 : 3-91 : 9) and then with CHCl 3 -MeOH-water (90 : 10 : 1-80 : 20 : 2-70 : 30 : 5-6 : 4 : 1). The third fraction, which was positive to a FeCl 3 reagent, was further fractionated into six fractions (frs. 1-6) by chromatography on MCI-gel CHP 20P with water containing MeOH. From fr. 2, compound 2 (7.14 g) was isolated by silica gel column chromatography with CHCl 3 -MeOH-water (70 : 30 : 5). Fraction 3 was chromatographed over Chromatorex ODS (30-50% MeOH) to give 1 (89 mg). Fraction 5 was subjected to column chromatographies over Chromatorex ODS, Sephadex LH-20 (20-100% MeOH) and Bondapak C18 (0-40% MeOH) to afford caffeic acid (119 mg), 4 (290 mg), and 14 (868 mg). Similar separation of fr. 6 yielded 6 (32 mg) and 7 (151 mg). The last fraction obtained by the first silica gel chromatography was chromatographed over MCI-gel CHP20P and then Chromatorex ODS and Toyopearl HW-40 (water-MeOH) to yield 8 (12.2 mg) and 9 (26.8 mg).
b) From the Aboveground Part The aboveground part (1.73 kg) of fresh B. japonica was extracted with MeOH at room temperature. The extract (223.7 g) was suspended in water and successively partitioned with nhexane and EtOAc. The aqueous layer was subjected to MCI-gel CHP20P column chromatography (water-MeOH) to give three fractions. The first fraction (140 g) mostly consisted of sugars. The second fraction (19.5 g) was repeatedly chromatographed over Chromatorex ODS, MCI-gel CHP20P, and Sephadex LH-20 to give 12 (149 mg), 19 (500 mg), 32 (240 mg), and 34 (614 mg). On similar column chromatographies, from the third fraction Tannase Hydrolysis of 13 A solution of 13 (10 mg) in water (1 ml) was hydrolyzed in a manner similar to that described for 12 to yield gallic acid (3.2 mg) and 13a (5.7 mg). (14) Tannase Hydrolysis of 14 A solution of 14 (20 mg) in water (2 ml) was hydrolyzed in a manner similar to that described for 12 to yield gallic acid (4 mg) and 5 (11 mg).
2-O-(E)-Caffeoyl-1-O-p-(E)-coumaroyl-b-D-glucopyranose (6)
3 Tannase Hydrolysis of 15 A solution of 15 (7 mg) in water (1 ml) was hydrolyzed in a manner similar to that described for 12 to yield gallic acid (1 mg) and 13a (1.4 mg), which was identified by 1 Caffeoyl-1,3,4-tri-O-galloyl-b-D 
6-O-(E)-

